A structural and spectroscopic analysis of the anti-tuberculosis drug pyrazinamide (PZA) was carried out. The PZA molecule was predicted theoretically to possess two conformers differing by internal rotation around the C-C(dO) bond, with the E conformer (C s symmetry point group; N-C-CdO dihedral: 180°) being ca. 30 kJ mol -1 more stable than the Z form (C 1 point group; N-C-CdO dihedral: ca. ( 42°). In consonance with both the large energy difference and low energy barrier between the Z and E conformers, upon isolation in low temperature argon and xenon matrices, only the E form could be observed and characterized spectroscopically. In the argon matrix, this conformer was found to exist in at least three matrix sites, of different stability. In a supersonic jet, besides the monomer (E), the most stable dimer of PZA with two equivalent NH · · · Od hydrogen bonds could also be identified. Its spectrum reveals rapid energy flow out of the excited NH stretching mode mediated by one of the heteroatoms in the ring. Finally, the IR spectra of the amorphous solid resulting from fast cooling of the vapor of the compound (initially in the R crystalline phase) onto the cold substrate of the cryostat (10 K) and of the crystalline phase resulting from warming the amorphous solid were also recorded and interpreted. The obtained crystalline phase was found to be the thermodynamically most stable δ polymorph of PZA.
Introduction
Pyrazinamide (pyrazine-2-carboxamide, abbreviated here as PZA; Figure 1 ) is an important first line drug used for the treatment of Mycobacterium tuberculosis [1] [2] [3] in combination with other drugs, such as isoniazid (recently studied by us 4 ) and rifampicin.
Because of its pharmacological relevance, several analytical methods have been reported for the determination of PZA in pure and dosage forms and in biological fluids. In this sense, there are several studies in the literature dealing with the vibrational and NMR properties of the compound and of several of its molecular complexes. 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] Surprisingly, most of these studies ignored the fact that the crystalline compound may exist in several polymorphic forms. Indeed, PZA was found to crystallize in at least four different polymorphs (R, , δ, γ; a fifth form, R′, very similar to form R, has also been proposed; see Figure 2 ). [14] [15] [16] [17] This tendency to form different polymorphs can be ascribed mainly to the existence of several H-bond donor/ acceptor groups in the PZA molecule but also to the presence of the aromatic ring, both contributing to give the compound the possibility to establish many different relevant intermolecular interactions.
The crystal structure of the first PZA polymorphic form to be studied (R-phase) was determined first by Takaki et al. in 1959 18 and subsequently refined by the same authors 1 year later. 19 Other authors have further studied this crystal later on. [20] [21] [22] The -PZA polymorph was first investigated by Ro and Sorum. 23 These two forms (R and ), as well as the δ modification (whose structure was also determined in 1972 by Ro and Sorum 24 ), show relatively small structural differences, having the same dimeric unit as the main structural motif of the crystal and differing essentially in their secondary hydrogen bond interactions (see Figure 2) . The γ polymorphic variety, on the other hand, is substantially different from the other polymorphs in relation with the hydrogen bond topology. Its structure was obtained only in 1987 by Nakata and Takaki 25 by X-ray diffraction, after the initial efforts of Tamura and Kuwano 26 (IR spectroscopy) and Takaki, 27 who obtained preliminary information on the crystal structure of γ-PZA using an ellipsoid-model approach.
The fact that most of the previously reported solid state spectroscopic studies on PZA had ignored the polymorphism exhibited by this compound strongly reduces their significance. For example, infrared or Raman data for the compound have been discussed in several of those studies 3, 6, 8, 10, 11, [28] [29] [30] without specification of which polymorph was under investigation. In a recent study, Castro et al. 31 reported the infrared spectra of the different polymorphs of PZA, thus filling an important gap on the available knowledge about this compound. Taking the conclusions of that study into account, it can now be stated beyond doubt that Gunasekaran and Sailatha, 3 Akyuz and Akyuz, 8 Favila et al., 28 Cozar et al., 29 and Chiş et al. 30 investigated the R polymorph, whereas Kalkar et al. 6 studied R-PZA in nujol mull but the γ polymorph in KBr pellet; Wang et al. 11 presented data of poor quality, but probably all corresponding to the γ polymorph. According to Castro et al., 31 all polymorphs are kinetically stable at room temperature, with the γ form being the stable polymorph above 180°C and the δ one being the most stable polymorph at low temperature.
In contrast with the substantial number of studies previously reported on the crystalline states of PZA, no experimental data ontheisolatedmoleculehavebeenreportedhitherto.Theoretically, [28] [29] [30] two possible conformers of PZA have been predicted to exist, one with the NH 2 group in the cis position to the ring nitrogen atom ortho to the amide substituent (E conformer) and the other one with the NH 2 group in the trans position (Z conformer). According to the theoretical predictions, 29, 30 conformer E has a planar structure, while in the second conformer the plane containing the C 2 , C 10 , N 11 , and O 14 atoms remains 33.8°out of the pyrazinic ring and the H 12 and H 13 atoms are twisted 25.6°a nd 6.5°in relation to the C 2 C 10 N 11 O 14 plane. The E conformer was predicted to be 34.9 kJ mol -1 more stable than the Z form. 29, 30 The isolated centrosymmetric dimer based on the E monomer that constitutes the main structural motif of the R, , and δ crystalline modifications of PZA has also been studied theoretically. 29, 30 It was suggested that the two N-H · · · Od intermolecular H-bonds in this dimer are moderately strong and predominately electrostatic in nature, following the general pattern found for dimers of other compounds formed by N-H · · · Od bonds. 30 All the previously reported theoretical studies on PZA [28] [29] [30] used density functional theory (DFT) based methods with basis sets of different sizes.
In the present study, we performed a detailed investigation of the potential energy surface of both the monomer and dimer of PZA, using both density functional theory (B3LYP) and (for the monomers) correlated ab initio (second-order Møller-Plesset) methods. The theoretical results were used to help interpreting the infrared spectra of the compound in various experimental conditions, within the 10-298 K temperature range: matrix isolated (in both argon and xenon matrices; monomeric PZA), in a supersonic jet (monomer and dimer), and in the low temperature amorphous and crystalline neat solid phases resulting from deposition of the vapor of the compound onto the cryostat substrate kept at 10 K and at temperatures up to 298 K due to subsequent warming. As described below, the crystalline phase obtained in this way was found to be the thermodynamically most stable δ polymorph of PZA, in contrast to the starting material used, that corresponded to the commercially available R polymorph.
Experimental and Computational Methods
Infrared Spectroscopy. PZA was obtained from Fluka (Rform, purity g99%). The low temperature matrices were prepared by codeposition of the isolating gas (argon N60 or xenon N45, both obtained from Air Liquide) and PZA sublimate, Figure 3 . b MP2 energies were corrected by zero point energies obtained at the B3LYP/6-311++G(d,p) level of theory.
in an approximately 1000:1 concentration ratio, onto the cooled CsI substrate of the cryostat (APD Cryogenics closed-cycle helium refrigeration system with a DE-202A expander). The compound was placed in a specially designed temperature variable mini-oven assembled inside the cryostat. The temperature of the mini-oven used to evaporate the compound was, in all experiments, ca. 40°C, as measured in situ by means of a thermopair connected to a digital temperature controller (homemade). The solid film of the neat compound was prepared in a way similar to that used to obtain the matrices, but in this case only vapors of the compound were deposited onto the CsI substrate of the cryostat and the evaporation temperature was ca. 100°C, since in these experiments a larger flux of the compound can be used. In the annealing experiments, the temperature was controlled and measured using a Scientific Instruments digital temperature controller with a silicon diode sensor (model 9659) to within (1°. The temperature variation during the annealing was done in steps of 2°in the matrix isolation experiments and 10-20°in the studies on the neat solid compound.
The matrix isolation and low temperature neat solid sample IR spectra were collected, with 0.5 cm -1 spectral resolution, on a Nicolet 6700 Fourier transform infrared (FTIR) spectrometer equipped with a deuterated triglycine sulfate (DTGS) detector and a Ge/KBr beam splitter.
In the pulsed supersonic jet FTIR spectroscopic studies, the expansion from a double slit nozzle of 10 × 0.5 mm 2 cross section (heatable design 32, 33 ) was probed in direct absorption by a focused FTIR beam. Reference spectra without expansion (I 0 , vacuum) were collected immediately before the gas pulse and used to determine the absorbance, ln(I 0 /I), from the expansion spectra (I). The buildup of background pressure in the pulsed jet experiments was limited by a 4 m 3 stainless steel vacuum chamber followed by a 250 m 3 h -1 pumping system and by up to 40 s pumping intervals between pulses. Typically, data from one hundred to several hundred gas pulses were coadded for the IR spectra shown in this work. Gas pulses were controlled by magnetic valves. PZA was adsorbed on a dried molecular sieve and seeded into the He (99.996%, Air Liquide) carrier gas by flowing the gas at 1-2 bar through a heated (to 140°C) reservoir containing the molecular sieve. For further details on the experimental setup, see refs 32 and 33. The FTIR signal (Bruker IFS 66v) was detected by a large area InSb or MCT detector equipped with an appropriate optical filter. The spectral resolution was 2 cm -1 . Computational Methodology. The quantum chemical calculations were performed with the Gaussian 03 suite of programs 34 at the DFT/B3LYP [35] [36] [37] and (in the case of monomers) MP2 levels of theory, using the 6-311++G(d,p) and 6-31G(d,p) basis sets, respectively. 38 Structures were optimized using the geometry direct inversion of the invariant subspace (GDIIS) method, 39 with the nature of the obtained stationary points being checked by inspection of the corresponding Hessian matrix.
The DFT(B3LYP)/6-311++G(d,p) calculated vibrational frequencies were scaled by 0.960 in the N-H and C-H stretching regions and 0.988 for all the remaining spectral regions, and used to assist the interpretation of the experimentally observed spectra. 40 Normal coordinate analyses were undertaken in the internal coordinate space as described by Schachtschneider and Mortimer 41 using a locally modified version of the program BALGA and the optimized geometries and harmonic force constants resulting from the DFT calculations. Potential energy profiles for internal rotation were calculated by performing a relaxed scan on the DFT(B3LYP)/ 6-311++G(d,p) potential energy surface along the relevant coordinates, and the transition state structures for conformational interconversion were obtained using the synchronous transitguided quasi-Newton (STQN) method. 
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Results and Discussion
Geometries and Energies. The conformationally relevant internal rotational axis in PZA is defined by the N 11 -C 10 -C 2 -C 3 dihedral angle. Table 1 displays the calculated relative energies of the two conformers obtained at the B3LYP/ 6-311++G(d,p) and MP2/6-31G(d,p) levels of theory and including zero point corrections (Figure 3 ). The corresponding optimized geometrical parameters are provided in Table S1 in the Supporting Information.
In agreement with the previous studies, 29, 30 the most stable conformer (E) was predicted to be planar (C s point group) at both levels of theory used in the present study. This conformer is stabilized by the presence of two weak intramolecular H-bond type interactions (N 11 H 12 · · · N 1 and C 3 -H 7 · · · O 14 , with H-bond distances of 2.29 and 2.55 Å, respectively) and predicted to be ca. 30 kJ mol -1 more stable than conformer Z (see Table 1 ). Conformer Z is nonplanar (two enantiomeric forms: Z and Z'; see Figure 3 ) and belongs to the C 1 symmetry point group, with the N 11 -C 10 -C 2 -C 3 dihedral angle being equal to (42.5°( B3LYP; ( 39.3°, when calculated at the MP2 level) and the amide nitrogen atom pyramidalized [the H-N(-C)-H dihedral angle is calculated to be 156.0°and 146.5°at DFT and MP2 levels of theory, respectively].
The higher stability of conformer E is mainly due to the presence of the two intramolecular H-bond-like interactions, which stabilize the molecule in a planar arrangement. In contrast, conformer Z is nonplanar mainly due to the repulsion between the O 14 and N 1 lone pairs and between H 12 and H 7 (see Figure  3) . Figure 4 shows the B3LYP/6-311++G(d,p) potential energy profile associated with the internal rotation around the C 10 -C 2 bond, corresponding to the interconversion pathways relating the two different conformers of PZA and the two enantiomeric forms of conformer Z. The Z' f Z energy barrier was found to be 5.6 kJ mol -1 , whereas the energy barrier separating conformer Z from conformer E was predicted to be only 1.7 kJ mol -1 (35.2 kJ mol -1 in the reverse direction). The variation of the pyramidalization at the amide nitrogen along the rotation around the C 10 -C 2 bond, as measured by the H-N(-C)-H dihedral angle, is also shown in Figure 4 . It reveals a compromise between three factors: steric repulsions between the O 14 and N 1 lone pairs and between H 12 and H 7 , which favor pyramidalization, mesomerism within the amide group, which favors a trigonal nitrogen, and, for structures close to the global minimum, the trend to attain a more favorable geometry for the establishment of the intramolecular N 11 -H 12 · · · N 1 and C 3 -H 7 · · · O 14 H-bond type interactions. As for the E conformer, the transition state for interconversion between the two symmetry-equivalent Z forms has a trigonal nitrogen. In this conformation, the N 11 -C 10 -C 2 -C 3 dihedral is 0°and the N and O atoms are Vis-à-Vis, as well as H 12 and H 7 . The reduction of energy is accompanied by pyramidalization at the amide nitrogen for structures close to this transition state, in order to minimize steric repulsion. For the minimum energy conformations, however, the pyramidalization angle assumes relatively small values, demonstrating the importance in these structures of the mesomerism within the amide group and, as already stressed before, also the prevalence of the H-bond-like interactions in the global minimum.
Matrix Isolation Infrared Spectra. Both E and Z conformers of PZA have 36 fundamental vibrations, all infrared active. Tables S2-S4 in the Supporting Information provide the calculated IR spectra and the results of the normal coordinate analysis undertaken for the two conformers. The spectra are depicted in Figure S1 in the Supporting Information. Figure 5 shows the infrared spectra of PZA isolated in argon (10 K) and xenon (20 K) matrices and compares these spectra with those theoretically obtained for conformer E, whose population at the temperature used to sublimate PZA (40°C) could be estimated from the predicted relative energies of the conformers (and corresponding degeneracy) as being >99.997%. In addition, note that both the high relative energy of conformer Z and the low energy barrier separating this form from the most stable conformer contribute to make the Z form unimportant in practical terms for the analysis of the matrix isolation spectra. Indeed, with such a low energy barrier for Z f E conversion, the residual amount of Z molecules existing in the gas phase prior to deposition can be expected to rapidly convert to the most stable form during deposition of the matrix. [43] [44] [45] [46] [47] Because of the excellent agreement between the theoretical and experimental spectra (Figure 5 ), the general assignment of the experimental bands was straightforward (Table 2) . Interestingly, the detailed analysis of the experimental spectra revealed that PZA molecules occupy three main matrix sites in the argon matrix, with most of the bands appearing split into triplets. The annealing experiments showed that one of these sites is considerably more stable than the others, with the molecules occupying the less stable sites being more prone to aggregation upon warming of the matrix than those in the most stable one. Figure 6 shows the changes in the N-H asymmetric and CdO stretching regions of the spectrum of PZA as a result of annealing. In the first spectral region, three bands are observed, corresponding to the three matrix sites. On the other hand, in the CdO stretching region, one can observe six bands, with two per matrix site. The splitting observed for each site is tentatively ascribable to a Fermi resonance interaction involving the carbonyl stretching mode and an almost harmonic first overtone of a γ(C-H) ring rocking mode, whose fundamental vibration is observed in the 865-860 cm -1 region. The coupling matrix element is on the order of 1 cm -1 , at least for the most stable site. It can be clearly seen in Figure 6 that, upon increasing the temperature of the matrix, the bands associated with the less stable sites (-) start losing intensity in favor of those associated with the most stable site (+). This result shows that matrix reorganization starts to take place, leading to conversion of the less stable matrix sites into the most stable one. Simultaneously, aggregation of PZA starts to occur, as can be noticed by the growth of the broad complex band between 1715 and 1660 cm -1 . At 36 K, the bands related to the less stable sites have almost disappeared, whereas those related to the most stable site still continue increasing their intensity in spite of aggregation being already quite significant. At 39 K, the bands of the most stable matrix site also start to decrease and those corresponding to aggregates already clearly dominate the spectrum. Note also that there is a good correspondence of the bands in the N-H asymmetric and CdO stretching regions, with the frequency order (-)(+)(-) observed in the N-H stretching region being the same as that observed in the CdO stretching region, (-)(-)(+)(+)(-)(-). This correspondence can be correlated with the relative importance of the H-bondlike interactions in the molecules occupying the different matrix sites; the stronger the interaction, the lower the frequency of the associated vibrations.
In the xenon matrix, PZA molecules also occupy different matrix sites, as shown by observation of multiplet bands ascribable to several skeletal and ring modes (e.g., bands at 1028/1023/1022/1020/1019 or 931/927/923 cm -1 , among other cases; see Table 2 ). However, the different local environments in the xenon matrix seem to have very similar stabilities, since they were found to behave similarly upon annealing of the matrix. In addition, they also seem to affect in a similar way the H-bonding in the molecule, since for both N-H and CdO stretching modes (the ones that could be expected to be more and CdO (bottom) stretching regions of the jet and argon matrix spectra of PZA, compared to scaled harmonic B3LYP calculations for the monomer (E conformer) and dimer (dimer 1). The jet spectrum was obtained for a sample heated to 140°C and then expanded in a 1.4 bar He jet. The calculated spectra were simulated using Lorentzians with full width at half-maximum of 5 cm -1 for all bands except that ascribed to the H-bonded N-H stretching band of the dimer, which was approximated by a feature with a full width at half-maximum of 44 cm -1 . The wavenumbers were scaled by 0.960 in the high frequency range and by 0.988 below 1800 cm -1 . Note that in the different spectra the intensity scales are different (in each spectral region, each spectrum was normalized to the corresponding most intense band) so that comparison of intensities shown in the figure is only meaningful within a spectrum and the same spectral region.
sensitive to that interaction) the observed spectral features do not show evidence of site splitting. Indeed, in the N-H asymmetric stretching region, a single band is observed, whereas in the carbonyl stretching range the asymmetric profile of the observed feature only indicates the presence of the two overlapped bands associated with the above-mentioned Fermi doublet (see Figure 7) .
On the other hand, the νCdO//2γC-H Fermi interaction was found to be very similar in both argon and xenon matrices. From the observed splittings and relative component band intensities, the Sokolowska and Kecki model 48 yields Fermi resonance coupling constants equal to 0.48 cm -1 in Xe and only slightly larger in Ar (0.87 cm -1 ; average value for the three main observed matrix sites), which, in agreement with the close observed frequencies of the Fermi components, demonstrate the existence of only a reduced Fermi resonance coupling in both cases.
Infrared Spectra of the PZA Monomer and Dimer in a Supersonic Jet. For PZA in the jet expansion (using He as the carrier gas), the infrared spectrum was recorded in the 3600-3000 cm -1 (NH stretching) and 2000-1000 cm -1 (fingerprint) spectral regions ( Figure 8 ). This spectrum shows features ascribable to the isolated monomer (labeled M) as well as to the centrosymmetric dimer (labeled D) bearing two NH · · · Od hydrogen bonds (dimer 1; Figure 9 ), whose energy was found to be considerably lower than those of any of the other dimeric structures, in agreement with its predominance as a structural unit in most of the polymorphs of the compound and also with results of relative stability of different isolated dimeric structures in similar compounds, for example, picolinamide (PA). 40 The calculated IR spectra for the PZA monomer (E) and dimer 1 are shown in Figure 8 for comparison with the experimental spectrum. From a comparison of experimental and B3LYP N-H, CdO, and C-N stretching intensities, one may estimate a consistent monomer to dimer ratio of ∼4 ( 1. Figure 8 also shows the spectrum obtained for PZA in the as-deposited argon matrix (10 K), where the monomer is the only species significantly populated.
The signal-to-noise ratio in the jet spectra is relatively poor, allowing only for a confirmation of the strongest bands in the fingerprint region. However, the band at ca. 1720 cm -1 in the CdO stretching region as well as the N-H stretching region of the spectrum clearly reflect the extent of aggregation in the jet. The assignments for the spectrum of the compound in the jet are given in Table 3 . The monomer bands are in good agreement with the matrix isolation data, with fairly systematic matrix-induced red-shifts (∼15 cm -1 ). The doublet structure of the monomer CdO stretching mode is more likely due to rotational structure, implying that the postulated Fermi resonance in Ar is detuned in the isolated molecule. This is not surprising given the small coupling matrix element. Figure 10 compares the supersonic jet spectra of PZA (bottom) and PA 40 (top) in the N-H stretching and fingerprint ranges. As can be noticed, in these spectral regions, the IR spectra of the two compounds are very similar, in particular the larger width of the bound NH band in both spectra when compared to that observed for nicotinamide 40 is confirmed. However, a closer inspection reveals secondary bands in the vicinity of the dominant narrow free NH band as well as in between the free and the strongest bound dimer NH peak which are not so easy to detect in the noisier PA spectrum. These absorptions, which add up to about 10-20% of the dimer intensity, could have three reasons: (a) They may be due to Fermi resonance, as it is typical for strongly bound dimers.
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(b) They may be due to less stable dimers, as they are shown in Figure 9 . The corresponding spectra may be found in the Supporting Information Figure S2 . (c) They may be due to larger clusters, because the PZA dimer leaves more secondary interaction sites than the PA dimer.
Explanation (a) is unlikely for the free NH but may contribute to the width and spectral structure of the bound NH band, as postulated for PA 40 and traced back to an efficient IVR (intramolecular vibrational energy redistribution) channel via the NH · · · N hydrogen bond. Explanation (b) is possible (see Figure S2 in the Supporting Information), but the quality of the spectra does not allow for a detailed assignment of these metastable dimer structures. Explanation (c) is also conceivable, but currently the limited S/N ratio does not justify a systematic exploration of the trimer potential energy hypersurface.
In any case, at least 80% of the spectral features in the jet can be attributed to the by far most stable dimer 1, and the additional IVR channel compared to the nicotinamide dimer 40 but not to the picolinamide dimer 40 is confirmed. The substantial spectral broadening in two related compounds (picolinamide, pyrazinamide) but not in the third one (nicotinamide), which only differs in the position and coordination of the heterocyclic N atom, leaves little room for other explanations than intensified coupling of the N-H stretching fundamentals to other vibrational modes.
Infrared Spectra of PZA in the Low Temperature Glass and Crystalline States. The top IR spectrum shown in Figure  11 [trace (a)] was obtained from the purchased PZA in a KBr pellet at room temperature. It is the characteristic spectrum of the R polymorph. 31 A sample of this polymorph was then used in our experiments. The film prepared from sublimating this sample and fast deposition of the obtained vapor onto the cryostat substrate kept at 10 K gave rise to the IR spectrum shown as trace (b) in Figure 11 . It is a typical spectrum of an amorphous phase, with broad bands and, in particular, the absence of any well localized N-H stretching band, which reveals the characteristic disordered H-bonding network present in an amorphous phase. Upon warming the amorphous phase up to 260 K, the spectrum changes, indicating crystallization of the sample. The obtained spectrum (Figure 11c ) is the characteristic one of the δ modification of PZA. 31 According to the thermodynamic data presented in ref 31 , the δ polymorph should correspond to the most stable crystalline phase of the compound, and it is interesting to observe that this was the one obtained directly from warming of the low temperature amorphous phase produced from the gas phase as described above. Investigations are now being performed in our laboratories on other compounds exhibiting polymorphism, in order to explore this approach to the production of a specific crystalline phase.
The proposed detailed assignments for the IR spectra of both R and δ crystalline polymorphs as well as for the amorphous state are given in Table 4 . This table also shows the calculated IR spectrum for the centrosymmetric dimer of PZA for comparison (calculated spectra for other low energy dimeric motifs are provided in the Supporting Information Figure S2 ).
Conclusion
Matrix isolation and supersonic jet techniques were applied to investigate monomers and dimers of pyrazinamide (PZA) using infrared spectroscopy. The assignment was assisted by calculations carried out at DFT and MP2 levels of theory. PZA was shown to possess two different energy minima, but only the most stable form is relevant in practical terms, due to the large energy difference between the two conformers (>30 kJ mol -1 ) and the low energy barrier separating the higher energy form from the conformational ground state (less than 2 kJ mol -1 ). In consonance with the theoretical predictions, only the most stable conformer of PZA could be isolated in cryogenic rare gas matrices. In argon matrix, this species was found to occupy at least three distinct matrix sites, which possess considerably different stabilities. Full assignment of the spectra (in the 4000-400 cm -1 spectral range) of the matrix (argon and xenon) isolated PZA was undertaken, supported by the results of the theoretical calculations.
In a supersonic jet, besides the monomer, the most stable dimer of PZA (the centrosymmetric dimer bearing two NH · · · Od hydrogen bonds) could also be identified, together with minor contributions from metastable dimers or larger clusters. The characteristic fast IVR channel which was already observed for picolinamide was confirmed. It depends on a heterocyclic N atom in R position to the carboxamide group, which weakens the intermolecular N-H · · · OdC bond.
Finally, the IR spectra of the amorphous phase resulting from fast cooling of the vapor of the compound (initially in the R crystalline phase) onto the cold substrate of the cryostat (10 K) and of the crystalline phase resulting from warming the amorphous state were also recorded and interpreted. The obtained crystalline phase was found to be the thermodynamically most stable δ polymorph of PZA.
